To explore whether baseline scores on the Mobility Assessment Tool-short form (MAT-sf ), a brief, animated, computer-based means of assessing mobility that predicts mobility disability, are associated with number of hospitalizations and time to first hospitalization over a median follow-up of 2.7 years. DESIGN: Post hoc analysis of prospectively gathered data from the Lifestyle Interventions and Independence for Elders (LIFE) Study, a randomized clinical trial of lifestyle interventions to preserve mobility in older adults. SETTING: Eight U.S. academic medical centers. PARTICIPANTS: Of 1,635 sedentary community-dwelling older adults enrolled in LIFE, 1,574 completed baseline physical function screening including the MAT-sf, with baseline scores ranging from 30.2 (low function) to 69.8 (high function) on a scale from 30 to 80. MEASUREMENTS: Number of hospitalizations and time to first hospitalization, adjusted for age, sex, race, living alone, clinical site, baseline comorbidities, number of prescription medications, and cognition. RESULTS: Of the 1,557 participants with data regarding hospitalization status, 726 (47%) had at least 1 hospitalization; 78% of these had 1 or 2 hospitalizations. For every 10-point lower MAT-sf score, the rate of all hospitalizations was 19% higher in those with lower scores (adjusted rate ratio=1.20, 95% confidence interval (CI)=1.08-1.32, p<.001). Lower baseline MAT-sf scores were also associated with greater risk of first hospitalization (adjusted hazard ratio=1.20, 95% CI=1.09-1.32, p<.01, per 10-point lower MAT-sf score). CONCLUSION: Low MAT-sf scores identify older adults at risk of hospitalization; further study is needed to test interventions to reduce hospitalizations in these individuals. J Am Geriatr Soc 66:1927Soc 66: -1933Soc 66: , 2018 Key words: physical function; hospitalization; mobility H ospitalization tends to reduce mobility of older adults; more than half of all chronic disability is associated with hospitalization, and one-third of adults aged 75 and older leave the hospital with a new deficit in activities of daily living (ADLs) 1 or decline in objective performance measures of function.
H ospitalization tends to reduce mobility of older adults; more than half of all chronic disability is associated with hospitalization, and one-third of adults aged 75 and older leave the hospital with a new deficit in activities of daily living (ADLs) 1 or decline in objective performance measures of function. 2 Most older adults who experience ADL loss are unlikely to recover independence in ADLs, even as their medical illnesses resolve; at 1 year, it has been reported that only 28% have fully regained function, and 41% have died. 1, 3, 4 Furthermore, older adults with functional deficits have higher rates of hospitalization and recurrent readmissions, 5 along with higher overall healthcare use and costs. 6, 7 From the *Section on Gerontology and Geriatric Medicine, Department of Internal Medicine, Sticht Center for Healthy Aging and Alzheimer's Prevention, Winston-Salem, North Carolina;
Medicare recipients accounted for nearly half of all hospital spending in 2012. 8 Predicting who is at higher risk of hospital admission and readmission can inform deployment of care navigation services that have been demonstrated to reduce high-cost, high-burden care before and after hospitalization. Although many possible predictors have been identified, [9] [10] [11] predictive models emphasize disease over function. Cognition and physical function are rarely assessed before hospitalization and thus have been underrepresented, 12 which makes it difficult to know how much prior functional status affects decline during hospitalization. Whereas screening for deficits in physical function may identify an at-risk population for early intervention to prevent hospitalization and readmission, 13 commonly used assessments of functional decline such as gait speed and accelerometry, 6, 7 inpatient walking activity, 14 and grip strength 15 can be challenging to implement in clinical practice. 16 A brief, easily implemented mobility assessment tool that predicts hospital use would aid in identifying individuals in whom additional services and resources could reduce hospitalizations and further functional loss.
The Mobility Assessment Tool-short form (MAT-sf ) is a brief, self-report tool that asks older adults to characterize their mobility in reference to an animated avatar performing mobility tasks of varying difficulty. MAT-sf scores predict mobility disability. 17, 18 The avatar performs realworld tasks (walking on uneven paths, climbing stairs), and the full measure quantifies mobility limitation. MAT-sf scores are standardized around a mean of 50 and a standard deviation (SD) of 10. 17 In practice, scores range from 30 to 80, with higher scores signifying better mobility. Completion of the MAT-sf takes approximately 3 to 5 minutes. The validity, reliability, and predictive value of the MAT-sf have been reported elsewhere, and it was found to be effective in predicting incident mobility disability in initially nondisabled older adults over 24 months in the Lifestyle Interventions and Independence for Elders (LIFE) Study. 19 We explored whether physical function, as measured using baseline MAT-sf scores, predicted subsequent hospitalization and time to hospitalization in the LIFE study. We hypothesized that poorer physical function would be associated with more hospitalization events and shorter time to first hospitalization.
METHODS

Design and Participants
We conducted a post hoc analysis of prospectively gathered data from the LIFE Study, a randomized clinical trial of lifestyle interventions to preserve mobility in older adults that was conducted in 8 U.S. academic medical centers. [20] [21] [22] [23] The LIFE protocol has been described elsewhere; 21 the study enrolled 1,635 sedentary, community-dwelling adults aged 70 to 89 who scored 9 or less on the Short Physical Performance Battery (SPPB) but were able to walk 400 m. 22 Exclusion criteria reflected safety concerns, adherence, and ability to complete the trial; for example, potential participants were excluded because of severe chronic disease, troubling symptoms during a 400-m walk, severe mental illness, substance use, and cognitive impairment that would limit participation. This analysis included the 1,574 participants who completed the MAT-sf as part of comprehensive baseline physical function screening. Participants were randomized to a health education arm or a structured exercise program that consisted of 2 sessions of supervised training in aerobic activity, resistance, and flexibility exercises each week, along with 3 to 4 days of recommended walking at home. 23 The primary outcome was major mobility disability, or loss of the ability to walk 400 m within 15 minutes; results demonstrated that a structured exercise program reduced major mobility disability in at-risk older adults. 20 Median overall follow-up was 2.6 years, with all hospitalizations recorded during this time period.
Baseline Assessments
At baseline, participants were surveyed about their demographic characteristics, medical and hospital histories, and recent healthcare use. Baseline examination included body weight, blood pressure, heart rate, electrocardiography, Quality of Wellbeing scale, and cognitive testing. Measures of physical function included the MAT-sf, the SPPB 24 , and a 400-m walk performed at usual pace.
Predictor Variable
For this analysis, the predictor variable was baseline MATsf score.
Outcome Variables
Inpatient hospitalizations were ascertained at 6-month intervals. Participants were asked at follow-up interviews about any hospitalizations since the last interview. Because all hospitalizations were considered serious safety events, medical records were obtained and reviewed. Adjudicators blinded to intervention assignment abstracted records and identified additional hospitalizations, diagnosis codes, procedures, and length of stay. For this analysis, we examined total number of hospitalizations and time to first hospitalization.
Covariates
The models were adjusted to account for potential confounders associated with risk of hospitalization. Specifically, we adjusted for demographic characteristics (age, sex, race), 10 social determinants of health (living alone, level of education), 11 study site, 25 and all individual baseline comorbid conditions and total number of prescription medications, 9 a surrogate measure of medical complexity and comorbidity. We included baseline cognitive function as measured using the Modified Mini-Mental State Examination (3MS) 26 . We also conducted an additional exploratory analysis adding baseline SPPB scores to the model.
Statistical Analyses
All analyses were performed in SAS version 9.4 (SAS Institute, Inc., Cary, NC). Baseline characteristics were summarized using means±SDs and proportions according to range of baseline MAT-SF scores (30-39, 40-49, 50-59, ≥60).
Relationships between baseline MAT-sf score category and baseline characteristics were assessed using analysis of variance for continuous measures and chi-square tests for categorical measures.
The effect of baseline MAT-sf score on time until the first postrandomization hospitalization was evaluated using Cox proportional hazards regression models. Event times were defined as time from randomization until date of hospital admission, and censoring times were defined as time from randomization until last assessment for hospitalization or death. A series of models was fitted, sequentially adding prespecified covariates to investigate for any attenuation of the relationship between baseline MAT-sf and rate of hospitalization. The base model, Model 1, contained terms for the intervention, baseline MAT-sf, and the intervention-by-MAT-sf interaction. Model 2 added terms for study site, sex, age, race, education, and an indicator of whether the person lived alone. Model 3 added an indicator of baseline cognitive impairment (3MS score < 80); number of prescription medications; and individual indicators of a baseline history of high blood pressure, heart attack, heart failure, use of a pacemaker, stroke, diabetes mellitus, osteoarthritis, arthritis, liver disease, lung disease, and psychiatric problems to Model 2. For each model, we initially estimated hazard ratios (HRs) and 95% confidence intervals (CIs) for the baseline MAT-sf predictor within intervention arms and tested for the interaction between baseline MAT-sf score and the intervention term at the nominal .05 level; if not significant, we provided an overall estimate for both intervention arms combined. To explore the relationship between baseline MAT-sf score and number of hospitalizations, a similar series of models was used, although for this analysis, rate ratios were calculated using a negative binomial model, with log-transformed total follow-up time as an offset. Number of hospitalizations per 100 person-years of follow-up was estimated for 10-unit differences in baseline MAT-sf score, using Model 1. To explore the association between MAT-sf score and both outcomes, after controlling for baseline performance-based physical function using the SPPB, an additional analysis was performed adding baseline SPPB to Model 3 for analyses of number of hospitalizations and time until initial hospitalization.
RESULTS
The LIFE Study randomized 1,635 older adults; of these, 1,574 completed MAT-sf at baseline, and 1,557 had some follow-up information on hospitalizations. The average age of participants at baseline was 79 (Table 1) . Approximately 67% were female, and 77% were white. Baseline MAT-sf scores ranged from 30.2 (lower function) to 69.8 (higher function). 22 MAT-sf scores varied with age, sex, marital status, and living situation. The only comorbidities associated with lower MAT-sf scores were congestive heart failure and history of fractures.
Hospitalizations
Of the 1,557 participants who responded to all visit queries about hospitalizations, 726 (47%) experienced at least 1 hospitalization; 78% of these experienced 1 or Worse mobility as defined according to lower baseline MAT-sf score was also associated with a 20% higher risk of first hospitalization (adjusted hazard ratio=1.20, 95% CI=1.09-1.32, p<.001, per 10-point lower MAT-sf score). Again, no differences in the association according to intervention arm was noted (p interaction=.08). Figure 1 demonstrates a Kaplan-Meier curve, plotting time to initial hospitalization according to 10-unit difference in MAT-sf score.
When we added baseline SPPB score to model 3, the baseline MAT-sf score retained its predictive value both for number of hospitalizations (RR 1.20 to RR 1.14, 95% CI=1.03-1.27, p=.01) and for time until initial hospitalization (HR 1.20 to 1.16, 95% CI=1.04-1.29, p=0.005).
DISCUSSION
Hospitalization is a common and often life-altering event for older adults, particularly in relation to functional outcomes; unnecessary hospitalizations also contribute to annual costs of nearly $18 billion. 27 In this large cohort of older adults recruited for the LIFE Study, baseline physical function as measured using the MAT-sf, a brief self-report assessment of physical function, demonstrated an inverse relationship with hospitalizations. Specifically, poorer baseline function predicted a higher overall rate of hospitalization, along with a greater risk of first hospital admission. This relationship was preserved even when controlling for covariates often related to hospitalizations in older adults, such as medical comorbidities, demographic characteristics, and social determinants of health.
Poor physical function and mobility have long been used as markers of morbidity and mortality, and more recently, healthcare use. 6, 7, 28, 29 Our results in the LIFE population suggest that baseline physical function, separate from morbidity risk, has an independent relationship with hospitalizations. This association may mean that poor mobility can serve as a marker of the vulnerability that leads to more hospitalizations and, subsequently, worse function and dependency. We also found that, with each 10-unit decrease in baseline function as measured by MATsf, there was an increase in hospitalizations, which corresponds to the noted stepwise relationship between MAT-sf and major mobility disability in prior studies. 19 We included the SPPB in 1 model as an objective standard measurement of physical function, which is described at the end of the Results section. This study selected vulnerable individuals because those with an SPPB score greater than 9 were excluded. Including baseline SPPB score in the model modestly attenuated the relationship between MATsf and hospitalization and vice versa, although MAT-sf score retained a significant influence even in the presence of the SPPB. Moreover, the brevity and relative ease of the MAT-sf offers advantages in a clinical context.
Other studies have explored the relationship between physical function and healthcare use, most notably through comprehensive mobility assessment, 5 objective speed and strength, 14, 15 lower extremity strength as assessed using the SPPB, 30 and self-report of difficulty with walking one-quarter of a mile. 7 Our results support the concept that baseline physical function as assessed using the MAT-sf may predict subsequent hospital use and thus healthcare costs. LIFE included records of hospitalizations, which allowed accurate determination of these relationships. Moreover, we believe that the MAT-sf is well suited for use in clinical practice. First, it removes the ambiguity often inherent in questionnaire items such as ability to climb stairs by illustrating clearly defined tasks in which we manipulate difficulty by varying number of steps, presence or absence of handrails, and speed of movement. 31 Second, the instrument is easily administered on an iPad or computer and can be completed while people are waiting for their appointment, and it can be download at no cost to healthcare providers (see http://college.wfu.edu/hes/ matsf/ for guidance or contact the senior author). The MAT-sf has been found to outperform self-reported disability in predicting 400-m walk performance, 18 predicts major mobility disability in at-risk older adults, 32 and has been used in a clinical setting to predict postoperative complications and time to discharge after elective, noncardiac surgery. Rate ratio (RR) expressed for a 10-unit MAT-sf difference between participants. 3 Hazard ratio (HR) expressed for a 10-unit MAT-sf difference between participants. 4 Obtained from model dropping interaction term. CI = confidence interval. This study had limitations as well. It examined events in participants recruited for a clinical trial, with subsequent biases toward higher education and socioeconomic status that attend such trials. Also, individuals with dementia, depression, or recent serious illness were excluded from the LIFE Study; the relationship between physical function and hospitalization may differ in a sicker population. Nevertheless, these individuals did not lack for medical complexity; the most common diagnoses for hospitalizations were cardiac disorders (213 hospitalizations), gastrointestinal disorders (81), surgical or medical procedures (76), and infections (73). 34 In addition, the setting of a randomized clinical trial complicates our findings. A previous study noted more hospitalizations in the physical activity intervention arm than in the health education arm. 34 In our results, there is a slight difference in the strength of association between baseline physical function and hospitalizations in the physical activity group, but the interaction was not statistically significant ( Table 2 ). The effect of physical activity interventions for vulnerable older adults on hospitalization and healthcare use may be an area for further exploration.
This study offers insight into several potential new directions in research. First, further studies could assess the effect of exercise interventions on subsequent hospitalizations and healthcare use, including length of stay, discharge destination, and subsequent hospital-related mobility disability. These data would also support the use of a tool such as the MAT-sf to identify vulnerable older adults at risk of mobility challenges early, so as to link them with additional services, and with resources to improve function. For example, care coordination has been demonstrated to reduce high-cost, high-burden care that may worsen function. Finally, the MAT-sf is a brief, easy-to-use test that has been clinically implemented in small pilot studies. 33 Broader implementation may prove its utility as a quick, clinically relevant tool to identify older adults at risk of mobility disability and excess hospitalizations, guiding medical and community interventions. Future study is needed to explore the best interventions for preventing hospitalizations in this vulnerable population.
